Sunburn causes inflammation, which increases melanin production in skin and causes hyperpigmentation. Angiopoietin-like protein (ANGPTL) 2 is an inflammatory mediator induced in sun-exposed skin areas. However, whether ANGPTL2 functions in melanin production remains unclear. To assess this possibility, we overexpressed Angptl2 in the melanoma line B16 and in the keratinocyte line HaCaT. Relative to controls, Angptl2-expressing B16 cells produced higher melanin levels via tyrosinase induction. Accordingly, Angptl2-expressing HaCaT cells secreted relatively high levels of both endothelin-1 (ET-1) and α-melanocyte-stimulating hormone (α-MSH).
| INTRODUC TI ON
Skin hyperpigmentation, which can be caused by either sun exposure, some medications, skin inflammation or hormonal changes, is a significant concern, particularly for women. [1] Therefore, effective treatments to prevent this condition are desirable. Ultraviolet B (UV-B) irradiation is the primary cause of hyperpigmentation due to excessive melanin production. [2, 3] UV-B-exposed keratinocytes produce cytokines and upregulate secretion of endothelin-1 (ET-1) and α-melanocyte-stimulating hormone (α-MSH), both of which promote induction of tyrosinase, the rate-limiting enzyme catalysing melanin synthesis, [2, 3] in melanocytes.
Therefore, inhibition of ET-1 or α-MSH secretion by keratinocytes and/ or tyrosinase induction in melanocytes could prevent melanin production in the latter following UV-B exposure. [4] Angiopoietin-like protein 2 (ANGPTL2) is a secreted protein that induces inflammation in various cell types via autocrine or paracrine signals. [5] ANGPTL2 upregulation exacerbates various diseases, such as cardiovascular disease, diabetes or cancer by enhancing inflammation. [6] [7] [8] [9] [10] We previously reported that ANGPTL2 expression was higher in UV-exposed areas of human skin than in unexposed areas. [11] However, as yet, no reports link ANGPTL2 expression with melanin production in skin tissue.
Many traditional medicines derived from natural products have been used to block melanin synthesis. [12, 13] In particular, a retrospective search for cosmetic agents based on traditional Chinese medicines made from natural products has recently been reported. [14] Novel products to inhibit melanin production based on these approaches could have cosmetic applications.
| 153
SATOU eT Al.
Here, we evaluate ANGPTL2 function in melanin production.
We report that UV-B irradiation induced ANGPTL2 in both keratinocytes and melanoma cells. ANGPTL2 overexpression in keratinocytes induced α-MSH and ET-1 production by those cells, while ANGPTL2 overexpression in melanoma cells induced tyrosinase.
We also found that treatment of keratinocytes or melanoma cells with an extract from "Chrysanthemum indicum × Erigeron annuus"
(CE) inhibited ANGPTL2 expression in both cell types. These results suggest a new strategy to block ANGPTL2 expression and melanin accumulation following sun exposure.
| MATERIAL S AND ME THODS

| Cell culture
The mouse skin melanoma line B16 and the human pancreatic cancer line HPAC were cultured in Dulbecco's modified Eagle's medium (Sigma-Aldrich, St Louis, MO, USA) supplemented with 10%
foetal bovine serum, 100 units/mL penicillin (Wako, Osaka, Japan), and 100 μg/mL streptomycin (Wako) in a humidified atmosphere of 95% air with 5% CO 2 at 37°C. The human skin keratinocyte cell line HaCaT was cultured in Dulbecco's modified Eagle's medium supplemented with 5% foetal bovine serum, 100 units/mL penicillin and 100 μg/mL streptomycin in a humidified atmosphere of 95% air with 5% CO 2 at 37°C. Transfection of either cell type with an Angptl2 expression vector (pcDNA3.1 harbouring either mouse or human Angptl2) or control vector was carried out using Lipofectamine (2000) (ThermoFisher, Waltham, MA, USA), according to the manufacturer's protocol. Stable Angptl2 transfectants were selected in G418 and analysed by ELISA (IBL, Fujioka, Gunma, Japan). Positive clones were maintained in culture with 1000 μg/mL G418 (Sigma-Aldrich).
| Quantification of melanin content in vitro
Melanin content of cultured cells was measured as described. [15, 16] Briefly, medium was replaced, cells were cultured 48 hours and cells were then homogenized in 3N NaOH (Wako). Melanin content of homogenates was determined by measuring absorbance at 405 nm using a plate reader (ARVO ™ X3; PerkinElmer, Waltham, MA, USA).
| Tyrosinase activity assay
Tyrosinase activity was assayed as described. [17] Briefly, cells
were washed with phosphate-buffered saline and homogenized in 20 mmol/L Tris/HCl (pH 7.5) containing 0.1% Triton X-100 (SigmaAldrich). Tyrosinase activity assayed as oxidation of L-DOPA to DOPAchrome was monitored as follows. Cell extracts (100 μg/mL)
were mixed with 100 μL freshly prepared substrate solution (0.1% L-DOPA in phosphate-buffered saline) and incubated 20 minutes at 37°C. DOPAchrome production was monitored by measuring absorbance at 490 nm using a plate reader (ARVO™ X3).
| Real-time RT-PCR analysis
Total RNA was extracted from cells using TRIZOL reagent For quantitative real-time PCR analysis of mouse and human Angptl2, the amplification product was quantified using standard curves obtained from 10 4 to 10 7 copies of plasmid template.
cDNA was amplified for 30 cycles, and values were normalized to β-actin levels. We utilized β-actin primers based on identical human and mouse sequences: GAGACCTTCAACACCCCAGCCAT and TACTCCTGCTTGCTGATCCACAT.
| Immunoblot analysis
Cells were homogenized in lysis buffer (10 mmol/L NaF, 1 mmol/L Absorbance at 450 nm was determined using a microplate reader (ARVO™ X3).
| UV-B treatment
Cells were exposed to UV-B irradiation (30 mJ) using a UVB lamp
(peak emission at 312 nm; TL20W/12RS lamp, Dermaray 200;
Muranaka Medical Instruments, Osaka, Japan). UV energy was monitored with a radiometer sensor (UVX-31; TGK, Tokyo, Japan), and cells were analysed 24 hours later.
| IBMX treatment
B16 cells were grown to 90% confluency on 6-well plates. The medium was then replaced, and cells were cultured 24 hours with 3-isobutyl-1-methylxanthine (IBMX) and/or CE prior to analysis.
| Measurement of mushroom tyrosinase activity
For in vitro assays, 50 μL mushroom tyrosinase (50 U/mL; SigmaAldrich (EC 232-653-4)) plus 100 μL of 1 mmol/L Kojic acid or CE solution were placed in wells of a 96-well plate and incubated 10 minutes at room temperature. Then, 100 μL of the substrate 0.1% L-DOPA (3,4-dihydroxyphenylalanine) (Wako) was added, and the plate was further incubated at 25°C for 20 minutes. Subsequently, absorbance of DOPAchrome (the product) was measured at 490 nm using a microplate reader (ARVO™ X3). Kojic acid served as a positive control for tyrosinase inhibition and phosphate buffer as the negative control.
| Screening of natural product inhibitors of ANGPTL2 expression
HPAC cells, which express high levels of ANGPTL2, were used for inhibitor screening. 10 μL each of 97 traditional Chinese medicines (see Table 1 ) derived from natural products (0.1 mg/mL solvated with 1,3-butanediol) was dissolved in 1 mL Dulbecco's modified Eagle's medium without foetal bovine serum and then added to confluent HPAC cells plated on 24-well plates. ANGPTL2 protein levels in culture media at 24 hours later were then measured by ELISA (IBL).
| Angptl2 knockdown
B16 cells were reseeded on 6-well plates and incubated with Angptl2 siRNA (customized and designed by SIGMA-ALDRICH) using RNAi MAX transfection reagent (ThermoFisher), according to the manu-
served as a negative control.
| RE SULTS
| Melanin content of melanoma cells increases following Angptl2 overexpression
We previously reported induction of ANGPTL2 mRNA in sunexposed human skin tissue. [11] Therefore, we asked whether ul- 
| α-MSH and ET-1 expression increases in an Angptl2-overexpressing keratinocyte line
Following UV-B irradiation or inflammation, keratinocytes increase secretion of α-MSH and ET-1, which in turn activates melanin production by melanocytes non-cell autonomously. [18, 19] Given our observation that ANGPTL2 is induced in sun-exposed skin, [11] we hypothesized that ANGPTL2 expressed in keratinocytes might induce α-MSH and/or ET-1 secretion by those cells. To assess this possibility, we first confirmed that human keratinocyte HaCaT cells upregulated ANGPTL2 mRNA expression following UV-B radiation ( Figure 1H ).
We then generated Angptl2-overexpressing HaCaT cells ( Figure 1I) and assayed α-MSH and ET-1 protein levels in culture medium. Over a 24-hour period, levels of α-MSH and ET-1 proteins in the medium of Angptl2-overexpressing cells increased relative to those from mocktransfected control cells ( Figure 1J ,K). We conclude that ANGPTL2 upregulation in keratinocytes increases secretion of factors known to regulate tyrosinase expression in neighbouring melanocytes.
| An extract from Chrysanthemum indicum × Erigeron annuus antagonizes ANGPTL2 expression in a cell culture model
We next asked whether traditional Chinese medicines derived from natural products might inhibit ANGPTL2 expression. For this analysis, we chose the human pancreatic cancer line HPAC, as it expresses high levels of ANGPTL2. We treated HPAC cells with one of 97 products shown in Table 1 and measured ANGPTL2 protein levels in culture media 24 hours later using ELISA. Among them, 20 products inhibited ANGPTL2 expression, and we focused on product #84, a water extract of a product derived from Chrysanthemum indicum × Erigeron annuus (CE) ( Table 1) . Subsequently, we found that CE extracted in either water (#84) or alcohol (#85) (see Table 1 ) was equally effective in inhibiting ANGPTL2 expression in HPACs. Therefore, to minimize toxicity, we chose the water-extracted product #84 (CE) for further analysis.
Further toxicity analysis conducted in B16 cells revealed no change in viability in CE-treated vs untreated cells, even at concentrations as high as high (1.0 mg/mL) (Figure 2A ).
| CE treatment of melanoma cells suppresses IBMX-dependent melanin production and tyrosinase expression
Treatment of melanocytes with the compound 3-isobutyl-1-methylxanthine (IBMX) increases intracellular cAMP levels and, like UV-B exposure, promotes melanin production. [20] Given that UV-B directly induces Angptl2 mRNA in B16 melanoma cells ( Figure 1A ), we asked whether IBMX treatment would alter ANGPTL expression in B16 cells. Treatment of B16 cells with IBMX alone increased ANGPTL2 protein levels secreted in the media relative to untreated controls ( Figure 2B ). We had previously reported that NFATc2 is required for Angptl2 expression in lung cancer cells. [9] When we asked whether IBMX treatment induced NFATc2 in B16 cells, we observed that IBMX treatment induced levels of intracellular NFATc2 protein to levels greater than those seen in controls ( Figure 2C ). However, ANGPTL2 protein levels were comparable and relatively low in both control and IBMX-treated cells in the presence of CE ( Figure 2B ). We next asked whether CE treatment blocks melanin production in IBMX-treated melanoma cells. Treatment with IBMX increased intracellular melanin content of B16 cells, based on ELISA and this effect was blocked by co-treatment with CE ( Figure 2D ). Cells not treated with IBMX showed comparable melanin production in the presence or absence of CE ( Figure 2D ).
Treatment of B16 cells with IBMX also increased tyrosinase activity
and Tyr transcript levels, and both of these outcomes were blocked in the presence of CE ( Figure 2E,F) . B16 cells not treated with IBMX showed comparable tyrosinase activity and Tyr mRNA induction in the presence or absence of CE ( Figure 2E,F) . We then asked whether CE directly decreases tyrosinase activity by performing in vitro assays of mushroom tyrosinase activity. Interestingly, CE treatment did not alter tyrosinase activity ( Figure 2G ), suggesting that CE antagonizes tyrosinase expression rather than activity.
IBMX reportedly stimulates expression of melanogenic genes, including MITF, via a cAMP-dependent pathway. [2, 21] Therefore, we next asked whether CE affects IBMX-induced melanogenesis independent of ANGPTL2. To do so, we first generated Angptl2 However, induction of these mRNAs was significantly repressed 
TA B L E 1 (Continued)
in Angptl2 knockdown B16 cells that were either treated or not treated with IBMX in the presence of CE ( Figure 2I-L) . We conclude that CE represses IBMX-induced melanogenesis independent of ANGPTL2 activity.
| CE treatment suppresses α-MSH and ET-1 expression in keratinocytes
Next, we examined the effect of CE on the keratinocyte line 
(which encodes α-MSH) transcript levels, while treatment of irradiated cells with CE immediately after irradiation decreased those values ( Figure 3B ,C). As noted, NFATc2 is required for Angptl2 expression. [9] Here, we found that treatment of B16 cells with IBMX increased intracellular NFATc2 protein levels ( Figure 2C ).
Mechanistically, IBMX up regulates cAMP signalling, which induces NFAT activities. [2, [21] [22] [23] UV-B also reportedly induces NFATs in T cells. [24] Therefore, we asked whether UV-B directly induces NFATc2 in HaCaT or B16 cells. In both, UV-B treatment induced intracellular NFATc2 protein to levels greater than those seen in corresponding controls ( Figure 3D ,E). However, irradiated HaCaT or B16 cells treated with CE showed NFATc2 levels comparable to corresponding untreated controls ( Figure 3D ,E), suggesting that CE inhibition of Angptl2 induction does not require changes in NFATc2 expression. These mechanisms should be examined in future studies.
| D ISCUSS I ON
In this study, using cultured keratinocytes and melanoma cells as models, we provide evidence suggesting that UV-B radiation accelerates melanin production and accumulation in skin tissue by inducing ANGPTL2 expression in two cell types. We also found that the natural product compound CE inhibits ANGPTL2 production in both keratinocytes and melanoma cells, as illustrated in the model shown in Figure 3F . CE inhibited ANGPTL2 expression in melanocytes with little toxicity or change in cell viability. In addition, CE repressed IBMX-induced melanogenesis independent of ANGPTL2 activity. We conclude that CE could serve as a relatively non-toxic component of whitening cosmetics, as it blocks melanin accumulation associated with hyperpigmentation and appearance of spots and freckles. [25] ET-1 and α-MSH secreted by keratinocytes are important mediators of melanin production [18, 19] and are induced by inflammatory cytokines via NF-κB signalling. [18, 26, 27] We previously reported that ANGPTL2 activates NF-κB signalling in endothelial cells in an autocrine manner. [10] Therefore, ANGPTL2 expression in keratinocytes may induce ET-1 and α-MSH through NF-κB signalling.
Tyrosinase activity in melanocytes is required for melanin production. [28] Here, we showed that ANGPTL2 expression in melanoma cells increased tyrosinase mRNA levels rather than catalytic activity of tyrosinase protein. STAT3 reportedly induces tyrosinase expression in melanocytes. [29] We previously reported that ANGPTL2 induces IL-6 in endothelial cells and macrophages, which activate STAT3 signalling. [30, 31] Therefore, tyrosinase induction by ANGPTL2 in melanoma cells might be due to upregulated IL-6 and STAT3 activity.
CE is derived from an asteraceae plant cultivated in a region of Shiranui town in the Kumamoto prefecture in Japan. When extracted in water or alcohol, it has been used as a traditional herbal medicine to maintain overall good health. Interestingly, CE extracts made from plant petals reportedly suppress proliferation of various cancer lines. [32] Moreover, relevant to immune responses, CE extracts suppress histamine release from the basophil cell line RBL-2H3. [33] Mechanisms underlying these effects are unknown, but based on our findings, future analysis should address whether any of these outcomes are due to ANGPTL2 inhibition. NFATc2 is reportedly required for Angptl2 expression [9] ; however, we found that CE extracts inhibit ANGPTL2 but not via NFATc2 inhibition. Therefore, we undertook analysis of the Angptl2 promoter using the UCSC genome browser and observed binding motifs for many transcription factors that may potentially regulate Angptl2.
Among them is USF1, a transcription factor induced by UV-B, [34, 35] as well as the cAMP response element binding protein (CREB). [36] We conclude that CE extracts may inhibit ANGPTL2
by intefering with USF1 transcriptional activity, a mechanism we will explore in future studies.
Melanin is the first line of defence against DNA damage at the skin surface. [37] Therefore, total inhibition of melanin production could leave skin vulnerable to DNA damage. On the other hand, excess ANGPTL2 expression in skin tissue is inflammatory and associated with carcinogenesis. [11, 38] Therefore, future studies should examine mechanisms governing potentially inflammatory ANGPTL2 activity in skin.
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